Edgar Allen1 was the first to point out and to emphasize the fact that estrogens are primarily "growth-promoting" agents. This characteristic of the estrogens is nowhere observed to better advantage than in the oviducts of birds. In the species of dove (Streptopelia risoria) utilized in the present study estrogens are evidently chiefly responsible for an increase in oviducal weight from about 20 mg. to 450 mg. in adults in reproductive rest, and to nearly 4500 mg. at each recurring period of ovulation (Riddle13 and unpublished data). Thus, one here observes a 220-fold increase in oviducal weight in a bird whose body weight remains essentially constant.
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Many investigators have reported that a number of the steroid hormones, not primarily estrogenic, possess some estrogenic potency. Clarke and Selye2 recently showed that, when tested on immature spayed rats, most or all of the hormonally active steroids possess one or another degree of estrogenic (folliculoid) activity. A growthpromoting action of certain estrogens or androgens (or both) on the avian oviduct has been reported for the ring-dove (Riddle and Tange18), fowl (Juhn and Gustavson5, Herrick4), English sparrow (Keck, 6 Ringoen7 18, Pfeiffer and Kirschbaum11, Pfeiffer" ), spayed night-heron (Noble and Wurm9), starling (Witschi and Fugo2%), sparrow-hawk (Nelson and Stabler8), and canary (Porto and Sca- vone"2). Witschi20 has made a preliminary report on the minimal dose of some of the more generally used estrogens and androgens which, in 10 daily injections, will produce measurable enlargement of the oviducts of castrated sparrows and starlings. These several studies have demonstrated the sensitivity of the oviducts of immature or spayed birds (or of mature birds in reproductive rest) to injections of estrogenic hormones; and slight effects of testosterone and androsterone have been observed.
The present study, started in 1937, is an attempt to utilize the undeveloped thread-like oviducts of young ring-doves for the simultaneous study of three questions: (a) The relative estrogenic (folli-culoid) potencies of some of the more common steroid hormones, induding androgens; (b) the effect of varying the volume of fluid injected on the growth response of the oviduct; (c) the synergism or antagonism of simultaneously injected estrone and progesterone. In addition, the effect of different steroid hormones on body weight should prove of interest in relation to other current studies on the mechanisms of pituitary stimulation of somatic growth in these birds. The earliest results obtained in the present study were summarized in a preliminary report (Riddle and Lahr"4) .
Materials
Female ring-doves with sex-linked color were used at 1.5 to 2.5 months after hatching. At this age these birds have attained 90 to 95 per' cent of their adult body weight. Injected birds total 255. By utilizing all available weights of oviducts of uninjected doves of this age (obtained both before and during the present tests) a total of 134 control weights is provided. Each of the steroids used was dissolved in sesame oil. When necessary the oil was heated to hasten solubility, and to three very concentrated solutions a few drops of propylene glycol were added to insure complete solution. Unless otherwise indicated the injections were made intramuscularly (breast), once daily, for seven days with autopsy 24 hours after the last injection. To avoid oral intake of excreted steroids during the injection period nearly all groups of birds were kept in a separate clean cage, or in a cage with a wire floor. Since the pituitary glands of doves and pigeons of the age used here do not seem to contain gonadotrophin (Riddle and Schooley"5), and since others have observed comparable results with some of these same compounds in castrate birds, the use of intact immature doves for the present study seems permissible.
Groups of three birds were used in nearly all tests, and three or four groups were injected simultaneously with different steroids. Tests with certain concentrations of estrone and progesterone, including the injection of both hormones into the same birds, were repeated at various seasons and in different years. Irregularities observed in the initial results obtained with these two substances seemed to be associated with season; this was not confirmed by later tests. It is now practically certain that several low values obtained in our early tests of these particular steroids were the consequence of using solutions which had stood at room temperatures for varying periods before they were injected. These low values are, however, included in the tabulated data. At autopsy, the ovary, oviduct, liver, and thyroids were removed and weighed. Effects on organs other than oviducts and ovaries were slight and do not require consideration. Many stimulated oviducts were distended with an albuminous fluid; such glands were slit open (longitudinally) and the excess fluid taken off with filter paper. Typical oviducts from birds subjected to the various treatments were fixed in Bouin's fluid and studied histologically.
Results
Growth stimlation in ovidcts: The results are shown in table 1.
The average weight of 134 oviducts of control doves was 19.4 ± 0.7 mg. Examination of the data leads to the conclusion that oviducal weights of 1100 to 1300 mg. probably represent the maximum amount of growth obtainable during 7 days with the estrogens employed; these maximum weights therefore have only a limited value in a determination of the relative activity of the various estrogens. Certainly the weight of the oviducts following the administration of 0.3 mg. of stilbestrol was not significantly greater than was the case when 0.1 mg. of that substance had been given. Oviducts developed by injections of estradiol benzoate over 14 and 21 days were somewhat heavier than were those developed by treatment for 7 days; but both relative and absolute growth-increment was much less during this extension of the usual term of dosage. Intramuscular and subcutaneous routes of injection of estrone did not yield significantly different results.
In nearly all tests the steroid was dissolved in 0.1 to 0.3 cc. of oil; smaller amounts of oil were used in only five tests. With volumes of the solute thus restricted it will be observed that the less concentrated solutions caused more oviducal growth, per unit of steroid, than did more concentrated solutions. By the injection of 0.1 cc. and 0.3 cc. of the same solution a lower and higher dosage with most of the androgens was accomplished without change in actual concentration of the substance. Since the expected three-fold effect was usually obtained from this higher dosage, and since contrary evidence was very rarely observed at autopsy, it is probable that the birds used in this study were able to absorb substantially all of the oily solutions employed in these tests.
Larger doses of progesterone produced definite growth in the oviduct. On any acceptable basis of calculation its activity would seem to be less than one-twentieth (nearer one-hundredth) of that shown for estrone in the present tests. When, however, 0.05 mg. or 0.1 mg. of progesterone was injected into estrone-inj ected doves the effect of the estrone was increased to the extent of 60 to 70 per cent. Some of our several separate tests of this effect were made, as earlier noted, with solutions of estrone which probably had lost some or much potency on standing. Such preparations, however, 1- were usually utilized in tests on the effects of estrone alone and in those on the effects of estrone and progesterone administered together. In at least seven cases it is certain that the same solution which was used without progesterone was also simultaneously used with it; in all of these seven cases the effect was markedly greater in the birds which received both estrone and progesterone than in those which received estrone alone. For the reason stated above, the oviducal weights obtained with estrone and with estrone plus progesterone are too low, but the ability of progesterone to increase the growth-promoting effect of estrone on the dove oviduct was repeatedly observed. Reason for the apparent absence of this effect in the small group of five birds listed first in table 1 is not evident; here, however, both hormones were administered in the minimum (0.1 and 0.05 cc.) of oil. The admixture of these two hormones prior to injection and the separate injection of the two substances gave essentially similar results.
Testosterone, androsterone, and dehydroandrosterone showed definite and approximately equal ability to enlarge the dove's oviduct; the responses obtained were obviously related quantitatively to the dosage. The small number of tests made with these androgens does not provide sufficient data for an accurate determination of the relative estrogenic potency of these compounds. Androstenediol and progesterone were about equally estrogenic. Pregneneolone showed slight activity, and cholestenone ( 1 .5 mg. daily) showed no estrogenic actvity. Desoxycorticosterone acetate slighdy increased oviducal weight in all tests, but increases were not proportional to dosage.
Of the several compounds studied diethylstilbestrol proved to be the most active stimulant of oviducal growth. The here, was reported by Riddle and Tange'6. The data of table 3 indicate considerable variability of ovarian size following treatment with the different steroids. All of the S estrogen-treated groups, and the groups treated with progesterone, desoxycorticosterone, pregneneolone, and cholestenone had ovaries of lower average weight than the uninjected controls. Taken individually, only the group treated with estradiol benzoate indicates a significant difference from the control. One of the 4 androgen-treated groups shows an average ovarian weight slightly above the control, while three others had ovarian weights markedly lower than the control; none ,of these differences, however, is statistically significant. These results indicate that neither estrogens nor androgens stimulated growth in the ovaries of the doves used in this study. Histological observations: Though photographic records of the conditions observed in the fixed tissues are perhaps unnecessary, a brief report upon the histological observations seems desirable. Histological study of the albumen-secreting segment of oviducts showed no distinction between uninjected controls, cholestenone-injected controls, and other injected birds in which no increase in oviducal weight was obtained. In general, such oviducts have a low columnar or cuboidal mucosal epithelium on comparatively smooth longitudinal folds. No glandular structures are present. The muscularis is thin and poorly developed. The ridges and the remainder of the oviduct consist of a uniform compact connective tissue.
The oviducts enlarged by estrone, dihydroestrone, estradiol benzoate, and diethylstilbestrol are indistinguishable when observed at comparable levels of stimulation. A first effect is hypertrophy and hyperplasia of the epithelial mucosa. This growth changes the low longitudinal folds into high villus-like projections into the lumen of the oviduct. Crypts are formed which later develop secondary and tertiary branches. Following stimulation of the mucosa the submucosal glands differentiate and their epithelia then respond quite like mucosal epithelia. There is marked hypertrophy and some hyperplasia of the sulbmucosal connective tissues in adjustment to the expanded mucosal and glandular portions. The muscularis is thickened and the blood supply is definitely increased. Under maximal stimulation the epithelial cells become ciliated and the glands and the lumen of the oviduct contain albumen.
Stimulation of the oviduct by progesterone involves an enlargement of the entire cross-section. The longitudinal ridges are smoothly rounded as in the control, but they extend further into the lumen. The mucosal epithelium is hypertrophied and somewhat hyperplastic. Glandular portions are undeveloped. Numerous mitoses are present in the submucosal and connective tissues of colchicine-prepared material. Higher doses of estrone alone produced abundant secretion; and estradiol benzoate, injected over periods of 14 or 21 days, produced a secretion equal to that of the normal bird at the time of ovulation. When estrone and progesterone are injected simultaneously the cytological picture resembles that due to estrone alone, but the nuclei of the epithelial cells assume a basal position.
Androsterone, dehydroandrosterone, testosterone, and androstenediol produced identical histological appearances at comparable degrees of growth stimulation. In oviducts weighing 50 mg. or less the tissues were quite similar to those of comparable weights after injections of progesterone. Heavier oviducts had a somewhat thicker mucosa whose epithelial cells were characterized by numerous nuclei occupying a basal position and by the presence of fan-like vertical fibrils not found in corresponding tissues stimulated by other hormones. Discussion It is notable that the relative ability of certain steroids to promote growth in the oviduct of the dove is not widely different from the relative ability of these same steroids to produce four types of estrogenic (folliculoid) response in immature, spayed, albino rats (Clarke and Selye2). The comparative effectiveness of stilbestrol and estrone is also similar to that observed on oviducal growth in very young chicks (Herrick4) and in a very few tests made on adult starlings in the quiescent season (Witschi and Fugo2"). In a later preliminary report on castrate starlings and sparrows, however, it was stated (Witschi20) that these two steroids are of equal potency; also that estradiol has only a tenth of that potency. The relative potency obtained for progesterone and desoxycorticosterone acetate is approximately the same ( 1/6 to 1/1 0) as that 6bserved by van Heuverswyn and others19 for progestational proliferation in rabbits and for estrous receptivity in spayed guinea-pigs. On the other hand, trans-androstenediol was observed by Deanesly and Parkes3 to have only 1/2000 of the activity of estrone in developing the uterus of the immature rabbit, whereas androstenediol exerted far greater activity on the dove oviduct.
A quite low level of effectiveness of testosterone propionate was observed in young chicks (Herrick4) and in quiescent starlings (Witschi and Fugo21); much greater effectiveness was observed in young and nestling sparrow-hawks (Nelson and Stabler8). Pfeiffer and Kirschbaum11 and Ringoen"8 reported some stimulation of both the ovary and the oviduct of quiescent sparrows treated with testosterone propionate. They believed that the oviducal hypertrophy resulted from estrogen released by the sparrow's ovary; the real action of the androgen was thus thought to be upon the pituitary gland, causing it to release gonadotrophic hormone. It seems possible that the action of the androgen on the oviducts of these sparrows was both indirect and direct. In the present data we find 266 that androgens clearly promote growth in oviducts, but they caused no measurable growth in the ovaries. Androgen stimulation of the uteri of spayed mammals is well known. Noble and Wurm9 observed definite though somewhat restricted androgen-produced enlargement of the oviducts of spayed night-herons which contrast with the aibsence of such effects in the starlings reported upon by Witschi and Miller.22 Obviously, however, further tests of the action of androgens on spayed birds are desirable.
The present data on the dove's oviduct show that progesterone enhances the growth-promoting action of estrogen. The basis and significance of this result would be somewhat clearer if we knew whether compounds such as testosterone, androstenediol, and desoxycorticosterone exert a similar action. In a few tests made on quiescent sparrows the ability of testosterone propionate to enhance the action of estrone was observed by Witschi and Fugo.2" These authors, however, stated that "progesterone even in high doses or in combination with estrone gives no effects." Their data were apparently not completely recorded, and though thresholds probably differ in sparrow and dove the effectiveness of high dosage was perhaps not excluded. Zeldis23 reported that a daily dose of from 100 to 400 micrograms of progesterone inhibited the growth effect of 1 I.U. of Amniotin daily on the uterus of mice, but a dose of 800 micrograms of progesterone daily enhanced by 72 per cent the effect of 2 I.U. of Amniotin injected into rats. Zeldis suggested that quantitative factors may be responsible for these differences. Progesterone is effective in doves, and when administered alone it is more effective than testosterone or androsterone.
Changes in body weight during these short-term tests were so commonly adverse, under all of the types of steroids used, that a slightly toxic effect of the sesame oil may be suspected. On the other hand, adult male doves were elsewhere observed (Lahr and Riddle7) to show marked gains in body weight when injected with progesterone, desoxycorticosterone, or androsterone (in sesame oil) over a period of 10 days.
Summary
Tests were made of the ability of several commonly used steroid hormones to promote growth in oviducts of 255 immature ring-doves injected daily over 7 days. The effects of dosage at various levels, and of changing the volume (0.1 to 0.3 cc.) of oil used for the injection, were also studied.
267
Concentration of estrogens in minimum quantities of sesame oil decreased the effectiveness of these hormones.
Estrogenic sutbstances had the following relative efficiency in promoting growth in the oviduct: Diethylstilbestrol, 100; estradiol benzoate, 35; estradiol, 8; estrone, 6+. Progesterone and androstenediol were much less potent and of approximately equal potency. Dehydroandrosterone, testosterone, androsterone, and desoxycorticosterone acetate showed about one-fifth of the potency of progesterone. Pregneneolone was less active and cholestenone was inactive under a total dose of 10.5 mg.
The injection of progesterone enhances the growth-promoting effect of estrone on the dove oviduct by 60 to 70 per cent.
None of the steroids used showed any ability to promote growth in ovaries of treated birds. The estrogens gave evidence of ability to retard or suppress growth in the ovaries.
